Cardiac device infection (CDI) is a serious complication of cardiovascular implantable electronic device (CIED) implantations. Many risk factors have been identified, but several are still uncertain. This study aimed to identify and evaluate the risk factors. Moreover, an infection control protocol (ICP) was carried out, and its efficacy in reducing CDIs was investigated.
Background
Cardiovascular implantable electronic device (CIED) implantations are recognized as standard therapies for multiple cardiac arrhythmias including sick sinus syndrome, high-grade atrioventricular blockage, and obstructive hypertrophic cardiomyopathy [1] . However, the spreading clinical applications of CIEDs are accompanied by an increasing cardiac device infection (CDI) rate, which is one of the fastest growing complications of CIED implantations [2] . CDIs not only result in prolonged hospitalizations and increased financial burdens, but also cause poor outcomes and elevated mortality. According to the guidelines, patients with limited pocket infection are recommended to receive lead extraction [3] .
A CDI is extremely challenging in both diagnosis and management due to its complicated association with the pocket, device, leads, vessels, and endocardium. It was reported that in CDI patients with endocarditis who did not receive a lead extraction procedure, the mortality rates were as high as 66% [4] . Thus, it is important to prevent infection during the perioperative period and operative procedures because infections at 1 year after an operation are strongly correlated with the operation and patient management. A better understanding of the risk factors would be very helpful in preventing CDIs.
Many risk factors have been identified and are well established according to previous investigations [5] . Patient factors, including age, gender, and underlying chronic diseases, were proposed as risk factors. In addition to patient-related factors, treatment-related factors should also be taken into consideration. Additionally, there are some disputes regarding several risk factors. In 2014, Syed et al. published their work regarding a protocol that effectively reduced CDIs [6] . This so-called infection control protocol (ICP) was easy to follow and the costs were low. In the present article, we report the results from a multi-center study for CDIs in the CIED population. Both patient-and treatment-related factors were analyzed. We identified that a low-volume center was one of the risk factors of CDIs, which was rarely reported in previous investigations. We also made a comparison of CDIs before and after adoption of an ICP in these low-volume centers. We believe that our data will be helpful in improving the understanding of and preventing CDIs.
Material and Methods

Subjects
The data of this present retrospective observational study were from a central hospital (high-volume center) and 5 branch hospitals (low-volume centers). The central hospital was Shaanxi Provincial People's Hospital. The branch hospitals were Xi'an Dianli Central Hospital, Shaanxi Yangling Demonstration Zone Hospital, Shaanxi Friendship Hospital, Shaanxi Pucheng People's Hospital, and the Second Affiliated Hospital of Xi'an Medical University. The retrospective audit of CDIs occurred during 1 October 2014 to 1 October 2017. We enrolled hospitalized patients who received an implantation of a permanent pacemaker (PPM). The medical records of all enrolled patients were reviewed.
Demographic and clinical data collection
The demographic data were collected from the medical records of the enrolled patients. Clinical parameters, including gender, age, chronic disease history, drug history, operation duration, temporal wire implantation, type of PPM, and medical costs, were collected and recorded.
Definitions
The definition of a CDI was in accordance with previous investigations. Both local infection of the generator pocket and device-associated infective endocarditis were defined as a CDI. Either detected valvular/lead vegetation or meeting Duke criteria were defined as infective endocarditis [7] . Three consecutive blood culture examinations were carried out in all suspected CDI patients. Swabs were used to collect samples from infectious pockets. Diabetes was defined as fasting serum glucose above 7.0 mmol/l or random serum glucose above 11.1 mmol/l, HbA1c above 6.5%, or a positive history of diabetes [8] . COPD was defined according to the European Respiratory Society (ERS) diagnostic criteria for COPD: coughing, sputum production and/or dyspnoea, an history of exposure to risk factors for COPD. The diagnosis was confirmed by a post-bronchodilator FEV1/FVC < 0.7 in spirometry as a sign that the airflow limitation is not fully reversible [9] . CKD was defined as GFR <60 mL per min per 1.73 m 2 for 3 months or more, with or without kidney damage [10] . Heart failure was defined by use of the Framingham criteria for congestive heart failure [11] . A low-volume center was defined as a cardiac center performing fewer than 200 cases of CIED implantations per year.
ICP
The ICP carried out in this study was adopted from a previous study with several modifications. The detailed protocol for an ICP is outlined below. The ICP was carried out in all lowvolume centers from 1 January 2016 to the end of this study.
Preoperational methicillin-resistant Staphylococcus aureus (MRSA) screening
A MRSA screening procedure was carried out in every patient after admission. Nasal, oral, axillary, and groin areas were sampled with swabs. If results of MRSA detection were positive, topical bacterial suppression, including a 0.5% hydrogen peroxide mouth wash, 4% chlorhexidine skin wash, and nasal mupirocin, were used prior to the operation for 5 days. An antibiotic prophylaxis strategy was carried out with reference to the consultations of the Infection Control Department. Teicoplanin/gentamicin.
Antibiotics
Routinely, cephazolin or clarithromycin were administered intravenously 30 min prior to the beginning of the operations. In patients identified as high risk for CDIs, such as those with replacement, diabetes, CKD, a recent infection, previous endocarditis, prosthetic valves, or congenital heart disease, we administered teicoplanin or gentamicin intravenously 30 min prior to the beginning of the operations. The dosages of antibiotics were adjusted according to the instructions in patients with renal dysfunctions.
Preoperative preparations
Serum glucose level control was required for diabetic patients to achieve a serum glucose level <11 mmol/l. Implantation operations were deferred or cancelled in patients with clinical signs of sepsis or raised infective markers such as fever, and leukocytosis or increased C reactive protein levels.
Hair removal and operational area preparation
The surgical areas were defined as the skin areas receiving the incision and vascular access points. Electric clippers were used to remove the hair over these areas. Disinfectant liquids and gels were used to prepare the areas. A solution of 2% chlorhexidine gluconate/70% isopropyl alcohol was used instead of betadine. Double-gloving was mandatory during disinfection and draping. The outer gloves were removed prior to skin incision and vascular punctures.
Surgical procedures
Disposable adhesive plastic incision drapes were used with all patients. Cutting diathermy (40 W) was used for cutting and hemostasis after incisions. Antibacterial-coated Vicryl sutures were used for subcutaneous closures. Wound dressings were changed every 2 days 3 times and wounds were disinfected at the same time.
Statistical analysis
Statistical software SPSS (version 16.0, SPSS Inc) was used to perform the statistical analyses. Continuous variables are presented as the mean ± standard deviation. Categorical variables are presented as proportions. The Mann-Whitney U test was used to analyze the differences in continuous variables, and the chi-squared test was used to analyze the differences in categorical variables. A logistic regression model was established to determine the correlation between CDIs and candidate factors. Statistical significance was set as p<0.05.
Results
Demographic data of enrolled patients
There were 1300 patients enrolled in this study, and 41 patients withdrew during the follow-up. The baseline characteristics of enrolled patients are listed in rate was 1.906%. The male/female ratio was 1.004 and the average age was 59.00 y. All patients received PPM implantation procedures. Among these patients, 1103 patients (87.609%) received implantation of double-chamber PPMs, 96 patients (7.625%) received replacement procedures, and a total of 476 patients (37.808%) received implantations of temporal wires during the procedures. The operation durations of 121 patients (9.611%) were over 2 h. Operations of 592 patients (47.021%) were performed in high-volume centers. Regarding underling chronic diseases, 178 patients (14.138%) were diagnosed as having COPD; 110 patients (8.737%) were diagnosed as having diabetes; 105 patients (8.340%) were diagnosed as having heart failure; and 70 patients (5.560%) were diagnosed as having CKD. A total of 251 patients (19.936%) were taking anti-coagulation drugs during the perioperative period. The average medical cost was 32 656 in RMB.
Risk factors associated with CDI
Logistic regression analysis for CDI using candidate risk factors in enrolled patients is demonstrated in Table 2 . Candidate factors, including gender, age, COPD, diabetes, heart failure, anti-coagulation drugs, operation duration, temporal lead implantation, center volume, replacement, and double-chamber PPM, were enrolled as variants and analyzed. The results indicated that male gender, diabetes, CKD, operation duration, PPM replacement, and low center volume were significantly associated with CDI in enrolled patients (p<0.05).
Comparison of CDI in high-volume centers and low-volume centers
In the above section, center volume was identified as one of the risk factors of CDI. We compared the total CDI rate in the high-volume center and low-volume centers. The CDI rate was 1.013% in the high-volume center and 3.976% in the low-volume centers and the difference was significant (p<0.01). The results are demonstrated in Figure 1 . 
Comparison of CDI rates and medical costs before and after adoption of an ICP in low-volume centers
The results from comparisons of CDI rates and medical costs before and after adoption of an ICP in low-volume centers are shown in Figure 2 . From 1 January 2016 to the end of this study, a total of 335 patients received an ICP in the low-volume centers. The CDI rates were significantly lower in patients who received an ICP (p<0.05). The average medical costs for patients who did not receive an ICP was 31263±2216 RMB vs. 32804±1459 RMB for patients who received an ICP and the difference was not significant between the medical costs. These results are shown in Figure 2 . 
Discussion
The CDI rate has been rising over time along with increasing device implantation numbers. CDI is one of the primary causes of severe systemic infection and even septic shock, which is difficult to treat. Thus, prevention of CDIs is of critical importance. In the present study, 1259 patients who received PPM implantations were enrolled. The risk factors for CDIs were analyzed. Of note, male gender, PPM replacement, a long operation duration, low-volume center, and an underlying chronic disease, including diabetes and CKD, were identified as the contributors to CDI. Our data also indicated that the CDI rates in low-volume centers were indeed higher than the rate in the high-volume center. More importantly, the adoption of an ICP significantly lowered the CDI rate in the low-volume centers, and the medical costs were not dramatically increased.
The CDI rate in the present study was 1.906%, which is similar to previous reports. We enrolled several candidate risk factors contributing to CDIs in this investigation, including patient-related, procedure-related, and provider-related factors.
Concerning patient-related factors, male gender and several underling chronic diseases were identified as CDI risk factors. Male gender was identified as a risk factor, which was consistent with previous studies. The reasons for this remain unclear. It may be that younger patients are more likely to have non-transvenous systems, which have a higher rate of infection [12] . Similar to previous studies [13] , our analysis also suggested that patients with diabetes and CKD had a higher risk for CDI. Disorder of immune-defensive systems and long-term immunosuppressive therapies may be involved. Importantly, there were also several procedure-related risk factors. At first glance, the replacement should not be one of the risk factors because the replacement procedure is simple, and only a minor surgical revision is needed compared with the primary implantations. However, replacement was found to be a risk factor for CDI. The pockets that were fibrous and poorly vascularized limited immunological responses [14] . In addition, the pockets were actually colonized by bacteria, even without obvious clinical signs of infection [15] . Thus, when the pocket were reopened, the latent or perioperative inoculation of pathogens may have facilitated the formation of microbial biofilms, which can lead to pocket infections [5] . It is rational to speculate that a long operation duration was another risk factor for CDIs because it entails longer environmental exposure and more opportunity for infection.
Notably, in the present study, we found that center volume was associated with CDIs as a risk factor. In the high-volume center, the CDI rate was significantly lower than in the lowvolume centers. A previous retrospective study indicated that the risks of implantable cardioverter defibrillator (ICD) complications, including infection, were decreased with higher physician volume [16] . In another recent large population-based cohort study, low center volume was also identified as one of the risk factors of CDI [17] . In these low-volume centers, physicians may be less experienced and take longer to perform complex operational procedures. An ICP that was shown to be effective in controlling CDI [6] was adopted in these lowvolume centers. Several steps were carried out during perioperational and operational periods. Patients were required to be screened for MRSA, which can lead to serious sepsis. Precautions, including topical and systemic decolonization, should be used prior to the implantations [18] . In skin preparation, iodine was replaced by a chlorhexidine-alcohol solution, which has been demonstrated to be superior in inhibiting bacterial colonization and is not inactivated by tissue fluid and blood [19] . More effective antibiotics were used prior to operations in high-risk patients. During surgical procedures, disposable adhesive plastic incision drapes, cutting diathermy, and antibacterial-coated Vicryl sutures were used. The underlining chronic diseases were carefully assessed and treated during the perioperational period.
Our data indicate that the adoption of an ICP dramatically decreased the CDI rate in the low-volume centers. The results from blood and wound cultures suggested a change in the composition of pathogens. In patients who received an ICP, no case of Staphylococcus aureus infection, which is often community-acquired, was found. The medical costs analysis suggested there were no significant extra medical costs in patients who received an ICP, which was also easily carried out. Thus, it is reasonable for us to speculate that adoption of an ICP in a lowvolume center could offset the increasing risk of CDI brought by the low volume itself. It is a valuable experience, which is worthy of implementation in branch hospitals.
Limitation
There were several limitations to this study. Firstly, although this was a multi-center study, the sample size was relatively small. Secondly, the study was regional, which may have biased the results and conclusions. Thirdly, patients received ICD or CRT-D implantations were not enrolled because the sample size was very small in the branch hospitals. A national-wide multi-center trial would be valuable.
Conclusions
1. Male gender, diabetes, CKD, operation duration, PPM replacement, and low center volume were identified as the risk factors for CDIs. 2. Adoption of an ICP dramatically lowered CDI rates, which were higher in low-volume centers compared with high-volume centers. 3. ICPs were easy to carry out, effective, and economical in controlling CDIs and are worthy of implementation in lowvolume centers.
